Plentiful natural gas has been discovered in Tazhong area in the Tarim Basin, and is mainly reservoired in Ordovician at the northern slope and in Carboniferous at the central fault horst. The analyses on natural gas components and carbon and hydrogen isotopes indicate that the natural gas in Tazhong area is mainly composed by alkanes with methane contents generally over 60%. The dryness indexes and N 2 and CO 2 contents are regionally different with low contents of H 2 S. The δ 13 C 1 and δD 1 values of alkane gas from the western part of northern slope are generally lower than -45‰ and -160‰ respectively, whereas those from the central and eastern parts are mainly higher than -45‰ and -160‰ respectively, and those from the central fault horst are mainly centralized in the ranges of -46.3‰~-42.3‰ and -163‰~-154‰ respectively. The alkanes display positive carbon and hydrogen isotopic series, and a few gas samples are partially reversed. The geochemical characteristics indicated that the alkane gas in Tazhong area was oil-associated and derived from the sapropelic organic matters. Natural gas from the western part of the northern slope was mainly generated in the early stage of oil cracking and was mixed by kerogen-cracking gas, and that from the central fault horst was mainly the products of oil cracking to a higher extent, whereas the gas from the central and eastern parts of the northern slope was mainly derived from the primary cracking of kerogen. The mixing analog calculation indicated that the high δ 13 C CO2 values was caused by the mixing of inorganic CO 2 which had been generated in the dissolution reaction of reservoir carbonate rocks under acidic conditions.
GEOCHEMICAL CHARACTERISTICS OF NATURAL GAS
10 gas samples from the Tazhong area were collected using steel cylinders, and the components and the carbon and hydrogen isotopic compositions were anaylsed at the PetroChina Research Institute of Petroleum Exploration and Development-Langfang branch (RIPED-Langfang), The chemical compositions were determined using an Agilent 6890N gas chromatograph (GC), and the stable carbon isotope ratios were determined on a Finnigan Mat Delta S mass spectrometer interfaced with a HP 5890II gas chromatograph, and the hydrogen isotope ratios were measured on a Finnigan gas chromatography-thermal conversion-isotope ratio mass spectrometry system (GC-TC-IRMS). Stable carbon and hydrogen isotopic values were reported to the VPDB and VSMOW standards respectively. The results and previous published data are listed in Tables 1 and 2 .
Chemical compositions
The natural gas in the Tazhong area was mainly dominated by hydrocarbon gas with methane contents generally over 60%. The natural gases in the CFH and the western segment of NS were wet with the dryness index C 1 /C 1-4 ratios mainly less than 0.95, and those in the eastern segment of NS were dry with C 1 /C 1-4 ratios generally over 0.95, whereas the C 1 /C 1-4 ratios of the gases in the central segment of NS were in the range of 0.81~0.99 (Fig. 2a) .
As to the nonhydrocarbon components, the N 2 and CO 2 contents of the natural gas in the Tazhong area were in wide ranges. The N 2 contents of gas from CFH were mainly over 10% with CO 2 contents less than 1%, and those from the western and central segments of NS were generally less than 10% with CO 2 contents over 1%, whereas the N 2 and CO 2 contents of the natural gas from the eastern segment of NS were in wide ranges (Fig. 2b) . Table 2 . The hydrogen isotopic compositions of natural gas in the Tazhong area. Figure. 2 The correlation of C 1 /C 1-4 -CH 4 % (a) and CO 2 %-N 2 % (b) of natural gas in the Tazhong area (Partial data from Li et al. (2010) , Chen et al. (2000) , Liu et al. (2008b) , Li et al. (1999) , Guo et al. (2007b) , Cai et al. (2001) , Wang et al. (2001) , Qin et al. (2005) , Wu et al. (2010) ).
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ENERGY EXPLORATION & EXPLOITATION
Although the natural gas in the Tazhong area usually contained H 2 S, the statistical results indicated that the H 2 S contents were generally less than 1% . The natural gas collected in this study had the smell of rotten egg, but no H 2 S had been detected using the gas chromatography since the H 2 S contents were lower than the detection limit.
Stable carbon and hydrogen isotopes of methane
The carbon isotopic values of methane in the natural gas in the Tazhong area were in wide ranges from -56.6‰ (Well TZ45, Li et al., 1999) to -36.6‰ (Well TZ621, Liu et al., 2008b) , and those in the western segment of NS were generally lower than -45‰ with several ones lower than -50‰. The δ 13 C 1 values of natural gas from the central and eastern segments of NS were generally over -45‰, and those from the CFH were centralized in the range of -46.3‰~-42.3‰ (Fig. 3) .
The hydrogen isotopic values of methane ranged from -206‰ to -121‰. The δD 1 values of natural gas from the western segment of NS were in the range of -206‰~-162‰, and those from the central and eastern segments were in the ranges of -131‰~-121‰ and -160‰~-125‰ respectively, whereas the δD 1 values of natural gas from CFH were concentrated in the range of -163‰~-154‰ (Table 2) .
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Geochemical characteristics and genetic types of natural gas from Tazhong area in the Tarim Basin, NW China Figure. 3 Stable carbon isotopic series of alkane gases in the Tazhong area (Partial data from Li et al. (2010) , Chen et al. (2000) , Liu et al. (2008b) , Wang et al. (2005) , Han et al. (2009 ), Wang et al. (2002 , Zhang et al. (2004) , Wang et al. (2010) ).
Stable Carbon and hydrogen isotopic series of alkane gases
Natural gas in the Tazhong area displayed positive carbon isotopic series with several gas samples being partially reversed between ethane and propane or propane and butane ( Fig. 3) , and only one gas sample from the Silurian reservoir displayed partial reversal between methane and ethane (δ 13 C 1 and δ 13 C 2 values were -41.1‰ and -41.8‰ respectively ).
The alkane gases in the Tazhong area also displayed positive hydrogen isotopic series with several ones being partially reversed between methane and ethane (Table 2, Fig. 4 ). The δD 2 values of gases from the western segment of NS were high and in the range of -145‰~-103‰, whereas those from the other regions were generally lower ( Table 2 , Fig. 4) .
Four reasons for the partial reversal of alkane isotopes were proposed by Dai et al. (1992; including: (1) mixing of biogenic and abiogenic gases; (2) mixing of coalderived and oil-associated gases; (3) mixing of gases from different source rocks with the same organic matter type or from the same source rock with different maturity; (4) one or several alkane components had been oxidized by bacteria. Typical abiogenic alkane gases didn't occur in the Tarim basin, and the alkane gases in the Tazhong area didn't display negative carbon isotopic series (Fig. 3) , and the He ratios of the gases displayed crustal characteristics , therefore the possibility of (1) can be excluded. Since the coal-measure source rocks rarely developed in the Tazhong area, and the gases were oil-associated, the partial reversal of alkane isotopes was hardly caused by the mixing of coal-derived and oil-associated gases. The gas reservoirs in the CFH and NS were buried approximately in the depths of 3200 m~3800 m and 4500 m~6500 m respectively with little alteration by bacteria, and the alkane components displayed few anomalies, therefore the possibilities of bacterial oxidation was few. Moreover, the gas reservoirs in the Tazhong area had experienced multiperiod hydrocarbon charging, and both the Cambrian-Lower Ordovician and MiddleUpper Ordovician marine source rocks had contributed to the gas reservoirs (Zhao et al., 2009; Zhang et al., 2004) , therefore the partial reversal of alkane isotopes in the Tazhong area were mainly caused by the mixing of gases from different source rocks with the same organic matter type or from the same source rock with different maturity. 
ENERGY EXPLORATION & EXPLOITATION
Carbon isotopes of CO 2
The δ 13 C CO2 values of natural gases from the Tazhong area ranged widely from -20.9‰ (Well TZ422, Cai et al., 2001) to +1.2‰ (Well TZ30, Cai et al., 2001) , and nearly half gas samples had δ 13 C CO2 values over -8‰. Most gases from the CFH displayed lower δ 13 C CO2 values than those from the NS. Cai et al. (2001) considered that the H 2 S in the natural gases from the Tazhong area was mainly derived from the TSR of pyrite-bearing carbonate reservoirs in the Cambrian-Ordovician strata. However, the gases displayed low H 2 S contents and no anamalies of contents and carbon isotopes of heavier alkane gases, which indicated that the TSR were in low extent and the gaseous hydrocarbons hadn't been involved, therefore, the geochemical characteristics of hydrocarbon gases could be used to identify the origin of gases. So far, there is no consensus on the origin and source of natural gases in the Tazhong area, for example, the Ordovician-reservoired gases were considered as oil-cracking gases derived from the Lower-Middle Cambrian source rocks by Han et al. (2009) and Wang et al. (2010) , and as mainly kerogen-cracking gases significantly contributed by Middle-Upper Ordovician source rocks by Tian et al. (2010) , whereas Guo et al. (2007a) and Hu et al. (2009) demonstrated that gases from different regions were derived from different sources. The CO 2 in the gases was considered as being derived from TSR (Cai et al., 2001) , correlated with the mantle (Li et al., 2010) or acid fracturing . The origin and source of alkane and CO 2 gases were discussed as follows.
THE ORIGIN AND SOURCE OF THE GASES
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Figure. 5 The correlation of CO 2 contents and δ 13 C CO2 values of natural gases from the Tazhong area (Partial data from Li et al. (2010) , Cai et al. (2001) , Wang et al. (2001) ).
Alkane gases
The alkane gases in the Tazhong area displayed positive carbon and hydrogen isotopic series and were consistent with the organic gases. They were plotted mainly in the area of thermogenic gases on both the δ 13 C 1 -δD 1 diagram (Fig. 6 ) and Bernard diagram (Fig. 7) . The carbon isotopes of ethane were inherited mainly from those of the original organic matters, and were considered as the effective index for discriminating coal-derived and oil-associated gases. Chinese scientists usually took δ 13 C 2 =-28‰ or -29‰ as the boundary value. The δ 13 C 2 values of gases from the Tazhong area were in the range of -43.1‰~-30.8‰ and all less than -29‰ (Fig. 3) , indicating the characteristics of oilassociated gases. Moreover, the gases were consistent with those derived from the type II kerogen when plotted on the Bernard diagram (Fig. 7) . Therefore, the alkane gases from the Tazhong area were oil-associated gases derived from the sapropelic organic matters. As well known, the generation of oil-associated gas by sapropelic organic matters can be divided into two approaches, kerogen cracking and oil cracking. It's controversial that whether the gases in the Tazhong area were generated by kerogen cracking, oil cracking or the mixing of the both types, especially on the origin of gases with low δ 13 C 1 values from the western segment of NS. The low δ 13 C 1 values could be derived from the mixing with bacterial gases or diffusive fractionation (Prinzhofer and Pernaton, 1997) , or early-stage oil cracking since the precusors had experienced multistage carbon isotope fractionation (Tian et al., 2007) .
ENERGY EXPLORATION & EXPLOITATION
The bacterial gas generally displayed low δ 13 C 1 value (<-55‰) and extremely high dryness index, so the mixing of bacterial gas would decrease the δ 13 C 1 value and increase the dryness index of the gas, which were the same effect of diffusion (Prinzhofer and Huc, 1995) . Although the gases in the western segment of NS displayed low δ 13 C 1 values, they were wet gases with the dryness indexes lower than those in the central and eastern segments (Fig. 2a) . Moreover, the gas reservoirs in the NS were generally buried with the depth over 6000 m, and few bacterial activities occurred, and the geochemical characteristics of the gases were different with those of typical bacterial gas (Figs. 6 and 7) , therefore, the gases in the western segment of NS had rarely been mixed by bacterial gas or experienced diffusive fractionation.
The experiments conducted by Hill et al. (2003) indicated that the oil-cracking gas in closed system displayed low dryness index and δ 13 C 1 values. Under the same pyrolysis temperature, the δ 13 C 1 value of oil-cracking gas was lower than that of kerogen-cracking gas (Tian et al., 2007) . The gases in the CFH and the western segment of NS were wet with the dryness indexes lower than those in the central and eastern segments of NS (Fig. 2a) , and displayed low δ 13 C 1 value, which were consistentt with the characteristics of oil-cracking gas. The gases in the central and eastern segments of NS displayed the characteristics of kerogen-cracking gas. Behar et al. (1992) demonstrated that the C 1 /C 2 and C 2 /C 3 ratios followed different variation trends in kerogen cracking and oil cracking, hence the different variation tendency on the ln(C 1 /C 2 )-ln(C 2 /C 3 ) plot might be used to identify kerogen-cracking and oil-cracking gases (Prinzhofer and Huc, 1995) . Although this plot had been used to identify the origin of gases from the Tazhong area (Guo et al., 2007a; Han et al., 2009; Wang et al., 2010) , the conclusions were inconsistent due to the subjective differences on the understanding and choice of trends. Moreover, the tendency of gas components were rarely supported by pyrolysis experiments in China (Wang and Zhang, 2008) , and the data points of natural gases with similar maturity would be concentrated and coould be hardly identified (Liu et al., 2009b) , which would decrease the reliability of the discrimination plot. Prinzhofer and Huc (1995) proposed that the (δ 13 C 2 -δ 13 C 3 )-ln(C 2 /C 3 ) plot could be used to identify the kerogen-cracking and oil-cracking gases, and Lorant et al. (1998) and Prinzhofer et al. (2010) further proposed the quantitative (δ 13 C 2 -δ 13 C 3 )-ln(C 2 /C 3 ) plot which was widely applied afterwards. Gases from the Tazhong area displayed different characteristics on the (δ 13 C 2 -δ 13 C 3 )-C 2 /C 3 plot (Fig. 8) . Gases from the central and eastern segments of NS were mainly derived from kerogen cracking, and gases from the CFH were mainly oil-cracking gases mixed by kerogen-cracking gases, whereas the gases from the western segment of NS were around the boundary of 168
Geochemical characteristics and genetic types of natural gas from Tazhong area in the Tarim Basin, NW China kerogen cracking and oil cracking on the plot. The pyrolysis experiments conducted by Tian et al. (2007) indicated that as the pyrolysis temperature increased, the δ 13 C 1 values of oil-cracking gases decreased in the early stage, and then increased afterwards. δ 13 C 1 values of gases from the western segment of NS were quite low and even lower than those from the CFH (Fig. 3) , which indicated that the gases from the western segment of NS were generated in the early stage of oil cracking and mixed by kerogen-cracking gases, whereas the gases from CFH were the products of oil cracking to a higher extent. δ 13 C 2 values of gases in CFH were generally less than -40‰, whereas those in NS were generally over -40‰ (Fig. 3) . This indicated that these two types of gases might be derived from different source, since the ethane carbon isotopes were inherited mainly from the original organic matters. Studies on carbon isotopes of benzene, toluene and methyl cyclohexane indicated that the carbon isotopic values of gases from CFH were consistent with those of Cambrian source rocks, whereas the gases from NS were correlated with the Middle-Upper Ordovician source rocks (Li et al., 1999) . Therefore, the gases in the NS and CFH were mainly derived from the MiddleUpper Ordovician and Cambrian source rocks respectively.
CO 2 gases
The organic CO 2 displayed low carbon isotopic value (<-8‰), whereas the inoragnic CO 2 generally displayed high carbon isotopic value over -8‰, in which the δ 13 C values of mantle-or magma-derived CO 2 were -6±2‰, and the δ 13 C values of CO 2 derived from the thermal decomposition or dissolution of carbonate rocks were 0±3‰ (Dai et al., 1992 (Dai et al., , 1996 ). The δ 13 C CO2 values of gases from the Tazhong area ranged widely (Fig. 5) , which indicated that the CO 2 gases might be both organic and inorganic. Cai et al. (2001) demonstrated that a significant amount of CO 2 in natural gases in the Tazhong area was derived from TSR. The TSR-derived CO 2 was of organic origin Figure. 8 The (δ 13 C 2 -δ 13 C 3 )-C 2 /C 3 plot of natural gases from the Tazhong area (Based on Prinzhofer et al. (2010) and partial data from Chen et al. (2000) , Liu et al. (2008b) , Li et al. (1999) ).
and would display low δ 13 C value since it was sourced from the oxidation of hydrocarbons, therefore the CO 2 with high δ 13 C value was not TSR-derived. The TSRderived CO 2 should be in low content due to the low content of H 2 S, and the CO 2 with the content over 10% (Fig. 2b) was not derived from TSR. The CO 2 gases with high δ 13 C values in the Tazhong area were considered to be correlated with the deep mantle (Li et al., 2010) , however, the 3 He/ 4 He ratios of the gases were in the range of 2.58×10 8~4 .61×10 8 , indicating the characteristics of crust-derived gases , therefore the CO 2 gases were not mantle-derived. Moreover, the magmatism which might cause the thermal decomposition of carbonate rocks was rarely developed in the Tazhong area, so the CO 2 with high δ 13 C value was closely correlated with the dissolution of carbonate reservoirs. Zhang et al. (2010) considered that the CO 2 contents were generally lower than 5%, and the high-content CO 2 was produced from the reaction between the strong acid injected in the acid fracturing and the carbonate reservoirs. The formation water in which the H 2 S was dissolved was acidic and would corrode the carbonate reservoirs. Zhao et al. (2009) demonstrated that the dissolution of organic acid after the hydrocarbon charging in the Himalayan stage was crucial for the formation of the effective reservoirs in the Tazhong area. The carbonate reservoirs were dissolved under the acid conditions in the acidic formation water or by the strong acid injected in the acid fracturing, resulting in the formation of CO 2 , and the proportion of the CO 2 in the natural gas could be estimated by the mixing model.
The content and the δ 13 C value of CO 2 in the conventional organic gas were generally low, and the CO 2 contents of the conventional gas endmembers were established at 0.1% and 1% with the δ 13 C CO2 value of -25‰, which were corresponding to points A and B in Figure 5 . As the CO 2 generated from the decomposition and dissolution of carbonate rocks generally displayed δ 13 C values of 0±3‰ (Dai et al., 1996) , the δ 13 C values of crust-derived inorganic CO 2 endmembers were established at +3‰ and -3‰ with the CO 2 content of 100% which were corresponding to points C and D in Figure 5 . The mixing lines between the endmembers A and C and between endmembers B and D were also shown in Figure  5 , and the data of gases from the Tazhong area were almostly all distributed in the range of the two mixing lines with the corresponding trend. Therefore, the CO 2 with high δ 13 C value in the natural gases in the Tazhong area were generated by the mixing of inorganic CO 2 , which were formed by the dissolution of carbnate reservoirs under acidic conditions.
CONCLUSIONS
The main components of the natural gas from the Tazhong area were hydrocarbons with the CH 4 contents generally over 60%. Gases from the central faulted horst and the western segment of the northern slope were wet, and those from the eastern segment of the northern slope were dry, whereas the dryness indexes of gases from the central segment were wide. The N 2 and CO 2 contents were regionally different, and the H 2 S contents were generally low. The δ 13 C 1 and δD 1 values of gases from the western segment of northern slope were generally lower than -45‰ and -160‰ respectively, and those from the eastern and 170
Geochemical characteristics and genetic types of natural gas from Tazhong area in the Tarim Basin, NW China central segments were generally over -45‰ and -160‰ respectively, whereas those from the central faulted horst were mainly centralized in the ranges of -46.3‰~-42.3‰ and -163‰~-154‰ respectively. The alkane gases of the Tazhong area displayed positive carbon and hydrogen isotopic series, and a few gases displayed partially reversed isotopic series due to the mixing of gases from different source rocks with the same organic matter type or from the same source rock with different maturity. The geochemical characteristics indicated that the alkane gases were oil-associated and generated from the sapropelic organic matters. The gases from the western segment of the northern slope were mainly generated in the early stage of oil cracking and mixed by the kerogen-cracking gases, and the gases from the central faulted horst were the products of oil cracking to a higher extent, whereas the gases from the central and eastern segments of the northern slope were generally kerogen-cracking gases.
The CO 2 in the natural gas from the Tazhong area displayed wide δ 13 C values of -20.9‰~+1.2‰, and the mixing model indicated that the CO 2 with high δ 13 C value in the natural gases were generated by the mixing of inorganic CO 2 , which were formed by the dissolution of carbnate reservoirs under acidic conditions.
